Purpose: For easy application to targeted area or in laparoscopic surgery, proper injectable antiadhesive agents are needed. The efficacy of two injectable antiadhesive agents-the thermosensitive poly (organophosphazene) hydrogel (Gel group) and a mixed solution of hyaluronate and carboxymethyl cellulose (Guardix-sol Methods: Eight ischemic buttons were created on both sides of the peritoneum in twenty-four male Sprague Dawley rats. Each of the solutions, or membrane agent was applied before closing of the wound according to groups (six rats per group). Two rats in the IC group were excluded because of death or intraoperative bleeding. Animals were sacrificed at two or four weeks after surgery. The number of adhesion-forming ischemic buttons and the weight gain were analyzed. Results: The overall number of adhered ischemic buttons were 23 in the control group (n=48), 22 in the Gd group (n=48), 14 in the Gel group (n=48) and 0 in the IC group (n=32). Overall number of adhered ischemic buttons of the Gd group was not significantly different from that of the control group (P=1.000). However that of the Gel group was smaller than that of the control group, although not statistically significant (P=0.093).
was used as the negative control.
2) Animals
Twenty-four male Sprague Dawley rats (310∼410 g; Orient Bio Inc.) were used to induce adhesions. 
3) Induction and management of adhesions
The ischemic button model using rats was chosen for comparison of anti-adhesive effect. In the ischemic button model using rats, eight buttons were created in one rat and adhesions on the button were analyzed, which makes this model require smaller number of rats. Moreover it is a Peritoneal adhesions were created in rats as described.
(16,17) After isoflurane inhalation anesthesia, each rat's weight was checked, and the abdomen was shaved and swabbed with 70% alcohol. A laparotomy was performed through a 5 cm midline incision. Four ischemic buttons, spaced 1 cm apart along the paracolic gutter, were made on both sides of the parietal peritoneum by grasping 5 mm of peritoneum with a hemostat and ligating the base of the segment with a 4-0 silk suture (Fig. 1A) . Twenty-four rats were randomized to four experimental groups managed with 1 ml of the aqueous polymer solution (the Gel group, n=6), 1 ml of Guardix-sol Ⓡ (the Gd group, n=6), two 5×2 cm pieces of Interceed Ⓡ (the IC group, n=6), or 1 ml of PBS (the control group, n=6). Then, the agents in a syringe were applied on all ischemic buttons or the membrane was applied to cover all ischemic buttons on both sides (Fig.   1B ). The laparotomy incision was closed in one layer with 3-0 coated Vicryl*Plus Ⓡ (Ethicon, Sommerville, NJ, USA) suture. 
4) Assessment of adhesions
After two or four weeks, three rats in each group underwent a secondary laparotomy. The ischemic buttons were inspected for the presence or absence of adhesions to evaluate antiadhesive efficacy using the following measurements ( Fig. 2 ) (18) Two rats in the IC group were excluded because one rat had intraoperative mesenteric bleeding and required meticulous hemostasis and evacuation of hematoma, and the other died six days after initial surgery, and autopsy was not possible. Therefore, the number of adhered ischemic buttons was analyzed in the remaining 22 rats.
5) Tissue preparation and histology
To analyze the histology of adhesion, peritoneal tissue from representative areas was obtained from one rat in each group under sterile conditions. It was fixed in buffered formalin (4%), embedded in paraffin, cut into 4 to 5μm sections and stained with hematoxylin and eosin under standardized conditions. Masson trichrome staining was used to demonstrate tissue fibrosis. All slides were analyzed using light microscopy (Olympus BX45, Olympus, Germany). Histological features including adipose tissue, collagen, fibrosis, and vascularization were analyzed by a pathologist.
6) Statistical analysis
All variables are expressed as the means with standard deviation. Differences among the four groups were evaluated by Kruskal-Wallis variance analysis, followed by a post hoc Mann-Whitney nonparametric U-test. Fisher's exact test was used to assess any differences in incidence.
P＜0.05 was considered statistically significant. All data were processed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
At the secondary laparotomy, there were no residual materials of antiadhesive barriers in any rats. And two rats in each group were found to have two or three loosened knots for ligating ischemic buttons, but this was considered not to be significant and was not analyzed.
1) Changes in weight
The mean basal weight of 22 rats was 349±24 g (range 312∼410) and there was no difference between 4 groups (P=0.402). The mean percentages of gained weight in each group at two and four weeks were showed in Table 1 (Gel vs. IC, P=0.083; Gel vs. Gd, P=0.050, respectively).
2) The extent of adhesions
The mean number of buttons with adhesion in a rat in each group was showed in Table 2 , and there was no significant difference between four groups at any time (P=0.084 after 2 weeks and P=0.197 after 4 weeks). When comparing between the mean number of adhered button in a rat after 2 weeks and that after 4 weeks, there was no difference in each groups. After the rats at two period were put together, the extent of adhesion in the IC group showed loosely arranged collagen fibers of heterogeneous size and dense fibrotic tissue within the same adhesion. was significantly smaller than that in other groups (P=0.004). In addition, the Gel group also showed fewer adhesions than the Gel groups and the control group, although it was not statistically significant (P=0.074, and P=0.310, respectively).
3) The incidence of adhesions
The overall numbers of adhered ischemic buttons were significantly different between groups at two weeks (P=0.001) and at four weeks (P=0.003). After the rats at two period were put together, overall number of adhered ischemic buttons were 23 in the control group (n=48), 22 in the Gd group (n=48), 14 in the Gel group (n=48) and 0 in the IC group (n=32) and those of each group were significantly different (P＜0.001). That of Gel group was significantly bigger than of the IC group (P=0.001) and it was smaller than the control group and the Gd group, although not statistically significant (P=0.093 and P=0.140, respectively). And that of Gd group was bigger than that of IC group (P＜0.001) and not significantly different from that of the control group (P=1.000).
4) Histology
Characteristic acute and chronic inflammatory reactions caused by ischemia were observed around the sutures. (Fig. 3) . There was no significant difference in each group at two and four weeks. down into the dependent portion of the rat's body before gelation. Therefore the gel requires precise control and a large-scale preclinical study to verify these findings before application in laparoscopic surgery.
